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Summary

BI-0588 is one of the most potent and specific allosteric inhibitors of HCV polymerase known,
as demonstrated by its cell-based antiviral replicon activity in the single-digit nM range for
genotype(GT)-1. Furthermore, BI-0588 was optimized to combine good in vitro metabolic
stability, acceptable cell-permeability and good solubility (@ pH 7). Following in vivo cross-
species PK profiling, this compound was further progressed into preclinical drug development.
Hence, the molecule is suitable for in vitro as well as in vivo experiments.
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Figure 1: 2D structure of BI-0588

Figure 2: BI-0588, 3D conformation

— by —
opnlVle Boehringer Ingelheim HCV polymerase inhibitor | BI-0588 | 2



Highlights

BI-0588 is a highly potent and selective allosteric thumb pocket-2 inhibitor of Hepatitis C virus
(HCV) NS5B polymerase and complements our allosteric thumb pocket-1 inhibitor,

. It has demonstrated optimized antiviral activity in a cell-based replicon system,
with activity in the low nanomolar range for genotype-1 HCV replication. Its overall CMC-
ADME-PK profile is good. BI-0588 is also suitable for both in vitro and in vivo experiments, as it
has shown sufficient plasma exposure in rodents and was found to predominantly localize to

the liver.

Target information

HCV NS5B is an RNA-

dependent RNA polymerase that is essential for the replication of the

genome of the hepatitis C virus. BI-0588 inhibits the polymerase activity by binding to the
allosteric pocket-2 located in the thumb domain of NS5B°.
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Figure 3: Binding model of BI-0588 on basis of an X-ray structure with a related inhibitor

(PDB code: 4JJS)

In vitro activity

BI-0588 is a potent and specific allosteric pocket-2 inhibitor of the virally-encoded NS5B
polymerase, and inhibited genotype (GT)-1 HCV replication in the cell-based replicon system

in the single-digit n\V
respectively.
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range with ECso= 2.3 nM and ECso = 3.0 nM for GT1a and GT1b,
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https://www.opnme.com/molecules/hcv-polymerase-1-bi207127

PROBE NAME / NEGATIVE CONTROL | BI-0588 BI-0900

MW [Da, free base]? 633.6 551.5
HCV-POLd21 (ICso) [nM]° 60 6,400
HCVLUC1 (ECso) [nM]° 33 =>10,000
Rep GT 1a/1b (ECso) [nM]¢ 23/3.0 n.d.

2 For the salt form you will get, please refer to the label on the vial and for the molecular weight of the salt, please refer to the
FAQs

b Scintillation proximity HCV polymerase assay with recombinant protein His-NS5Bd21. This assays measures the incorporation of
3H-UTP during the elongation of RNA primer

¢ Cell-based luciferase reporter HCV RNA replication assay, MP-1 cells with 10% FBS, 28 h incubation

d Cell-based HCV replicon assay using RT-PCR for RNA quantification, genotype background 1aand 1b, Huh7 cells, 72 h
incubation

In vitro DMIPK and CMIC parameters

BI-0588 is highly soluble at neutral pH while being cell-permeable. A hallmark is its good
metabolic stability in hepatocyte across several species.

PROBE NAME / NEGATIVE CONTROL BI-0588 BI-0900

logD @ pH 7.4 1.8 0.8

Solubility @ pH 7 [ug/mL] 193 ongoing
i . 1 NG

Caco-2 permeability AB@ pH 7.4 [*10 3.0 01

cm/s]

Caco-2 efflux ratio 2.7 102.8

Microsomal stability (human) [% Qu] <24 <23

Hepatocyte stability (human / dog / rat) <12/<19/10 o

[% Qx]

Plasma Protein Binding (human / dog / rat) 99.6/995 /998 na

[%]

hERG [inh. % @ 10 ulM] 1.9% n.a.
CYP 3A4 (ICso) [uM] 8.1 >50
CYP 2C9 (ICso) [uM] 6.5 >50
CYP 2C19 (ICso) [M] 9.4 >50

P —
opnlVle Boehringer Ingelheim HCV polymerase inhibitor | BI-0588 | 4



CYP 2D6 (ICso) [uM] >30 n.a.

CYP 1A2 (|C5o) [LIM] =30 n.a.

In vivo DMIPK parameters

BI-0588 demonstrates sufficient plasma exposure in rat and dog species. As often observed
for this anthranilic acid chemical series, BI-0588 illustrates that in vitro hepatic clearance was
not predictive of the in vivo clearance, and biliary excretion of the parent compound
significantly contributes to clearance mechanism.

BI-0588 DOG RAT
Clearance [mL/(min*kg)]? 56 44
[I\ﬁ/elfg]zemdence time after i.v. dose 10 38
t1/2[h] 2.1 6.2
F[%] 44 41
Ve [L/kg] 12 6.4

2j.v. dose: 1.2mg/kg, p.o. dose: 3.1 mg/kg

In vivo pharmacology

During the course of this drug development project, the lack of a small animal model to study
HCV biology and virus-host interaction imposed an additional challenge.

Boehringer Ingelheim’s scientists developed a novel in vitro-in vivo proportionality method to
assess a human Liver Corrected Inhibitory Quotient (LCIQ)3 predictive of clinical efficacy.
Given that Hepatitis-C virus replicates predominantly in the human liver, the main objective
was to predict the local drug concentration —i.e. drug’s concentration within the human liver at
Cwmin —and the required dose to achieve such local exposure.

Plasma exposure and liver concentration were measured in rodents, and then coupled with
allometry scaling to guide candidate selection. From our studies the research target profile
was determined: LCIQ =500 [(plasma Cnin)/ ECs0]*Kpivery >500]. Based on the PK profile.

The Human Dose Prediction to achieve LCIQ500 was: 357 mg (bid)

[Rep Gtlb ECso: 0.003 uM; liver Kp: 78; estimated Cin: 0.02 pM; predicted Crax: 0.80 uM]

We found that BI-0588 localizes predominantly into the liver where HCV mainly replicates,
given its high liver partitioning coefficient ([liver]/[plasma]= Kpiver: 78 in rodents).
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Negative control

Despite close structural similarity, BI-0900 bears a tetrahydropyrane (THP) ring instead of a 4-
methylcyclohexane ring, thus imparting beneficial interaction in the deep lipophilic subpocket.
This translate into a 107-fold and =>3000-fold potency shiftin HCV-POLd21 and HCV Lucl

assays, respectively.

\

Figure 4: BI-0900 which serves as a negative control

Selectivity
SELECTIVITY DATA AVAILABLE BI-0588 BI-0900
SafetyScreen44™ with kind support of &% eurofins | Yes Yes
Invitrogen® No No
DiscoverX® No No
Dundee No No

Co-crystal structure of the Boehringer Ingelheim probe
compound and the target protein.

The X-ray crystal structure of the target in complex with a related inhibitor is available (PDB
code: 4JJS)2
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Reference molecule(s)

Seereference 6.

Supplementary data

2D structure files can be downloaded free of charge from
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